An experiment was conducted to evaluate poultry litter ash (PLA) at graded levels (0, 25, 50, 75, and 100%) as a dietary substitute for dicalcium phosphate (dicalP) for broiler chickens, where PLA was substituted for dicalP on a wt/wt basis. A decreased BW gain was observed at 21 d from PLA at the 100% substitution rate when compared with the 25% substitution rate. No effects on BW gain, feed consumption, or FCR were incurred by study termination at 41 d, and the 100% substitution rate of dicalP did not cause any detrimental effects on the live performance in market age broilers. Although femur ash percentages decreased with increasing levels of PLA, bone integrity was not compromised by the addition of PLA to the diet. Dry matter digestibility of dietary Ca (26.32-58.65%) and P (30.23-42.68%) increased with increasing levels of PLA (0-100%), respectively, inferring that the Ca and P component of the diet was more efficiently used as the level of PLA increased. In conclusion, PLA resulting from the combustion of poultry litter can be used as a P and Ca source for broilers.
Recycling nutrients contained in poultry manure is an ongoing issue, and addressing associated financial and societal effects must always be considered. The traditional practice of fertilizing crops with poultry manure is and will continue to be a good agronomic practice. However, practical alternatives to land application of poultry manure are needed because, in some areas, the application of poultry manure to agricultural lands has resulted in soil phosphorus levels that exceed the amount that can be removed in the harvested crop [1] . Phosphorus runoff into surface waters where manure is applied at excessive rates or rates outside established requirements for crop production is a concern [2] .
Feed phosphates are a costly component of the poultry diet and are mirrored by rising costs in the extraction and production of animal feed phosphates [3] . The potential for recycling P from poultry manures exists, especially where poultry litter as a feedstock for energy generation has been demonstrated [4] . The primary product remaining after combustion is poultry litter ash (PLA), which has potential for use as a P supplement for use in poultry diets and has greater value in this respect as compared with its fertilizer value [5] . Local sources of products, such as PLA, provide a distinct economic advantage in reducing feed costs and maintaining bird performance. An experiment was conducted to evaluate graded levels of PLA in the diet and the digestibility of P and Ca for the broiler chicken.
MATERIALS AND METHODS

Evaluation of PLA
Samples of PLA were obtained from a pilot plant test of an Energy Products of Idaho fluidized bed system designed to combust poultry litter with the intent to produce process steam [6] . The broiler litter was wood shavings based and supported 6 continuous flocks reared in Alabama over the course of approximately 1 y. Initial analyses were completed to determine mineral composition of the PLA (Table 1) along with values used in diet formulation [7] . It must be noted that a high level of Al in the PLA may be attributed to base-soil contamination of the litter during the clean-out process. The PLA was analyzed for dioxins where a toxic equivalency factor (TEF) was assigned when compared with the toxicity of 2,3,7,8 tetrachlorodibenzo-p-dioxin [7] . In 2005, the World Health Organization derived the TEF for dioxin-like compounds that most of the world uses now [8] . Currently, the maximum limit for dioxin in a feed ingredient that falls into the category for PLA is 1.0 ng of World Health Organization-polychlorinated dibenzo-p-dioxins/polychlorinated dibenzofurans-toxic equivalents per kilogram [9] . Based on the PLA analysis and calculation of TEF, the dioxin level was 0.63 ng/kg, whereas the level of nonquantified polychlorinated biphenyls was found to be 115 ng/kg [7] . Therefore, PLA was deemed safe for use as a feed supplement in poultry diets, whereby no related compounds appear to pose a potential threat to bird health or meat quality [9] .
Experimental Procedures
Direct substitution of PLA for dicalcium phosphate (dicalP) on a wt/wt basis was accomplished at dietary levels of 0, 25, 50, 75, and 100% (Tables 2 and 3 ). All diets were computer formulated based on commercial moderntype broiler diets and do not necessarily adhere to NRC requirements for the broiler chicken, which are somewhat dated [10] . As a result, the starter and grower diets were formulated with lower levels (ca. 95%) of CP, ME, Ca, and P as compared with NRC requirements. A starter diet was fed from 0 to 21 d ( Table 2) followed by a grower diet from 21 to 41 d (Table 3) . Three- [7] . 2 Values assigned to poultry litter ash when used as an ingredient in the computer feed formulation matrix.
housing, and handling procedures were in accordance with the guidelines of Auburn University's Institutional Animal Care and Use Committee.
The digestibility of Ca and P from each dietary treatment was determined. For this evaluation, the 45 pens of birds were used for a 24-h total excreta collection to calculate mineral digestibility. Birds were introduced to the grower diet (Table 3 ) on d 21 of the experiment and allowed a 2-d orientation period. On d 23, feed weights were obtained and excreta collection trays were lined with aluminum foil. Following a 24-h period, feed weights were obtained and excreta were quantitatively collected and weighed. Excreta moisture was determined as a percentage of the difference in wet weight and freeze-dried weight before grinding and analysis for Ca and P by ICP at the Auburn University Soil Testing Laboratory. Apparent digestibility of Ca and P was determined as a percentage of the difference between amounts consumed versus amount excreted. Statistical analysis was conducted using JMP software [12] .
RESULTS AND DISCUSSION
Poultry litter ash was fed at graded levels (0, 25, 50, 75, and 100%) as a direct substitute for dicalP on a wt/wt basis. Phosphorus is the second most expensive dietary ingredient after protein, and PLA may offer exceptional advantage as a source of P in meeting the bird's requirement. Although PLA contains micro minerals such as Fe, Zn, Cu, Mn, and Se, changes in the rate of micro mineral addition were not altered via the trace mineral premix in this experiment. This approach to diet formulation resulted in decreasing levels of Ca and P with increasing levels of dietary PLA (Tables 2 and 3 ). It can be recognized that this approach may produce adverse effects due to inadequacies in meeting nutrient requirements, but may also challenge the availability of Ca and P in the test ingredient. When faced with a decrease in dietary P, and possibly Ca, the bird will adapt by increasing P utilization capacity to maintain P homeostasis, resulting in more efficient utilization of these minerals as compared with the control diet [13] . Such decreases may also present a scenario that yields a marginal deficiency, whereby the bird responds with self-conservation and improved capability to meet its nutrient requirements for P and Ca.
An increased BWG (P = 0.010) was observed during the 0-to 21-d period in birds receiving the 25% PLA diet versus the 100% PLA diet (Table 4) . Factors contributing to this increased performance could not be identified. A linear decrease in BWG (P = 0.001) was observed in birds fed increasing levels of PLA in their diet versus those fed the control diet during the 0-to 21-d period, but this effect on growth rate disappeared by d 41. This linear decrease in BWG Poultry litter ash was added to the diet at the expense of dicalcium phosphate on a wt/wt basis. coincided with a decrease in P and Ca level as PLA inclusion increased (Tables 2 and 3) . As the resulting diets were formulated based on a wt/wt substitution of dicalP with PLA, the concomitant decrease in P and Ca levels in the diet may have contributed to a decreased BWG, as the substitution rate increased during the 0-to 21-d growth phase. Mortality averaged 2.1% during the 41-d experimental period with no significant differences (P > 0.05) among treatments (data not shown). By d 41, the substitution of dicalP with PLA failed to significantly affect (P > 0.05) BWG, FC, or FCR in market age broilers. With increasing levels of PLA, a significant (P < 0.0001) linear increase in excreta moisture was noted (Table 5) . It was not determined whether this increase was related to an increased water intake by birds fed increasing levels of PLA. However, dietary sodium increased linearly, from 1,000 to 3,000 ppm, with increasing level of PLA, which supports a nonvalidated increase in water consumption concomitant with increased excreta moisture. Although femur ash percentages did not vary greatly among treatments, a slight linear decrease was observed in which birds receiving the 100% PLA exhibited the lowest value (P = 0.006), whereas the 25, 50, and 75% PLA additions yielded adequate or declining [but not significant (P ≥ 0.05)] femur ash values ( Table 5) . As compared with the control (0%), femur ash was not compromised by the addition of PLA to the diet. Even though dietary P and Ca levels decreased as the level of PLA increased, no negative effect on bone mineralization was observed.
The digestibility of Ca and P increased linearly (P = 0.0001) with increasing levels of PLA (Table 5 ). Such a relationship infers that the Ca and P component of the diet was more efficiently used, as the level of PLA increased in combination with a decrease in dietary Ca and P levels. It is plausible that the decreasing Ca and P levels promoted more efficient utilization of these minerals as compared with the control diet. Yan et al. [13] have reported that chicks exposed to low-Ca or -P diets will adapt by increasing their P utilization capacity to maintain P homeostasis.
The bioavailability of PLA derived from turkey [14] and broiler [15] litter has been investigated. The analyzed values for Ca and P for the PLA used in the current experiment was 16.68 and 10.08%, respectively, which compared well to that of other investigators indicating levels of Ca and P of 17.50 and 9.86 [13] and 15.45 and 9.40% [14] , respectively. Previous research was focused on determining the biological value of the P content of the PLA [13, 14] , whereas in the current experiment we took a more practical approach. For turkeys [13] and broilers [14] , the bioavailability values were reported as 72.4 to 87.5 and 77.6 to 82.9%, respectively, in comparison to calcium phosphate monobasic monohydrate. Nonetheless, their conclusions also confirmed that the PLA resulting from the Means in a column with different superscripts are significantly different (P < 0.05). 1 All values represent least squares means of measurements on 9 battery cages each having 8 birds. 2 BWG = BW gain; FC = feed consumption; FCR = calculated as the ratio of unit of FC per unit of BWG. 3 Percentage of PLA used as a replacement for dicalcium phosphate on a wt/wt basis. combustion of poultry litter could be used as a P source in poultry diets.
CONCLUSIONS AND APPLICATIONS
1. The substitution of dicalP with PLA on a wt/wt basis failed to compromise BWG, FC, FCR, or bone development in market age broilers. 2. The digestibility of dietary Ca and P increased with increasing levels of PLA, where decreasing Ca and P levels promoted more efficient utilization of these minerals as compared with the control diet. 3. Poultry litter ash resulting from the combustion of poultry litter can be used as a P and Ca source for broilers. Means in a column with different superscripts are significantly different (P < 0.05).
1
All values represent the least squares means of 9 pens per treatment. Excreta moisture, calcium digestibility, and phosphorus digestibility were obtained on a pen basis (8 birds per pen), whereas femur ash values represent the means of 1 pooled sample from 3 birds per pen per treatment.
